In this talk we summarize our latest results on the study of three-body systems with explicit/hidden charm and with strangeness. In particular, we focus on the KDD and KDD * systems, where a charm +2, isospin 1/2 and strangeness +1 state is found with a mass around 4140 MeV in the former and a K * state, with hidden charm, at a mass around 4307 MeV is obtained in the latter. Both states are predictions of our model and the experimental confirmation of them would be important to understand the properties of the strong interaction in the presence of heavy quarks.
Introduction
In the present understanding of Quantum Chromodynamics, nature permits the existence of mesons and baryons with several units of charm quantum number. Some examples are the doubly charmed mesons and baryons T cc , Ξ + cc , Ω + cc and triply charmed baryons arising from the dynamics in-volved in systems like Ξ cc D, Ξ cc D * , Ξ cc Λ c , Ξ cc Σ c 1-4 . In the last years, the interest of investigating systems with charm and bottom quantum numbers has been extended to three-body systems, like BDD, BDD, BBB * , DDK 5-7 . However, an experimental investigation of these states is necessary to corroborate the available information on their properties from theoretical works. And such a research proposal is presently missing in the projects of the different experimental facilities. The search for this kind of states would definitely shed light on the working of the strong interaction in the presence of heavy quarks and can open new research lines, like the search of excited states of kaons and/or K * 's at energies around 4-5 GeV with hidden charm and/or bottom quantum numbers.
In this talk we show our results for two kind of three-body systems with strangeness, the KDD system, where we find a state with mass around 4140 MeV, in agreement with the findings of Ref. 7 , based on a different formalism, and the KDD * system, where we find the existence of a K * vector meson with hidden charm and mass around 4307 MeV, as also found in Ref. 6 .
Formalism and Results
To study the formation of states in three-body systems like KDD and KDD * we solve the Faddeev equations using as kernel two-body t-matrices obtained from the resolution of the Bethe-Salpeter equation in its on-shell factorization form 8, 9 . The advantage of the latter is that the Bethe-Salpeter equation, which is given by
where v is the kernel and g is a loop function of two hadrons, becomes an algebraic equation, which is solved by considering two-body coupled channels. Using these t-matrices, we solve the Faddeev equations 10
within the approach developed in Refs. [11] [12] [13] for the case of the DDK system, and that developed in Refs. [14] [15] [16] for the KDD * system.
To determine the kernel v in Eq. (1) we have used effective Lagrangians based on the chiral and heavy quark symmetries of the strong interaction [17] [18] [19] [20] [21] [22] . It is now widely accepted that the non-perturbative coupled channel dynamics generates the state D * s0 (2317) in the KD system [23] [24] [25] [26] [27] , while in the DD * system we have the formation of the isospin 0 state X(3872) and of the isospin 1 state Z c (3900) [28] [29] [30] [31] [32] .
With these ingredients, the solution of Eq. (2) for the DDK, DDπ and DD s η coupled channel system reveals the formation of a bound state with isospin 1/2, charm +2, strangeness +1 and mass around 4140 MeV 33 . The state is found to arise when one of the DK subsystems, together with its coupled channels, generate the D * s0 (2317). This result is similar to the one found in Ref. 7 in which the system D − D * s0 (2317) was studied by means of an effective two-body potential. We have also estimated the size of such an exotic state to know whether it is compact or not. To do this, we have treated the state found as a D−D * s0 (2317) state and estimate the root mean square (RMS) distance among the constituent hadrons 33 by constructing the wave function of the state, for which we follow Ref. 34 . We find the RMS∼ 1.0 − 1.4 fm, which is larger than that of D * s0 (2317) 26, 33 . This result has been also confirmed by the authors of Ref. 35 . The state found in Refs. 7,33 is a three-body bound state, thus, it has a zero width. However, a state with these properties can decay via triangular loops to two-body channels like D s D, D s D * and DD * s producing a small width. We have also studied such decay mechanisms in Ref. 36 , finding a total width for the state to be around 2-3 MeV.
In case of the KDD * system, the resolution of Eq. (2) shows the generation of a K * meson with mass around 4307 MeV when the KD system in isospin 0 forms the D * s0 (2317) and the interaction in the DD * system give rise to X(3872) in isospin 0 and Z c (3900) in isospin 1 37 . This three-body state, as in case of the one found in the DDK system, appears below the KDD * threshold, thus, it is a bound state and has zero width. However, the Z c (3900), considering it to be a state generated from the DD * and J/ψπ coupled channels, has a width of around 30 MeV from its decay to J/ψπ 38 . When considering this width into the calculation, the three-body state found in the KDD * system gains a width of around 18 MeV. This three-body state can also decay to two-body channels, like J/ψK * (892), DD s ,DD * s andD * D * s via triangular loops. In Ref. 39 we have obtained these decay widths, finding the values ∼ 7 MeV for J/ψK * (892), ∼ 0.5 for DD * s ,D * D * s and ∼ 1 MeV forDD s . A three-body state like this, with a dominant KZ c (3900) component, can also easily decay to a state formed by J/ψπK, thus, the reconstruction on the J/ψπK invariant mass in reactions involving these particles in their final states can be a way of finding this K * (4307) experimentally.
Conclussions
We have presented in this talk our latest results for the KDD and KDD * systems and the formation of exotic states in them whose properties can be understood as molecular kind of states. In particular, in the KDD system we find a state around 4140 MeV and in the KDD * system we obtain a K * vector meson with mass around 4307 MeV.
